Objectives: Using two groups of mini-implants (successful and failed) the objectives of this in vivo study were: to evaluate the microbial contamination by the checkerboard DNA-DNA hybridization technique and to quantify the bacterial endotoxin by the limulus amebocyte lysate assay. Material and Methods: The 15 successful and 10 failed mini-implants (1.6 mm diameter × 7.0 or 9.0 mm long), placed in the maxilla and/or mandible, were obtained from 15 patients undergoing orthodontic treatment. Data were analyzed statistically by the Wilcoxon rank-sum test using the SAS software (a=0.05).
Introduction
In the last decades, mini-implants have been widely used in Orthodontics as temporary bone anchorage devices to provide greater mechanical control with no need of patient cooperation 1 . According to the literature, mini-implants have a high clinical success rate (>80%) 2, 3 . However, there are reports of early failure involving loss of stability during the treatment 4 .
Different variables may influence the success rate and they may relate to: characteristics of the patient;
characteristics, location and cleaning of the miniimplant; surgical placement technique; and orthodontic mechanics 2, 5 . Mini-implants are placed transgingivally and are therefore directly accessible to all types of microorganisms in the oral cavity, specially bacteria associated with periodontitis and periimplantitis. These bacteria can penetrate the mini-implant, causing infection of soft and mineralized tissues, especially in patients with poor oral hygiene 6 . The colonization of mini-implant surfaces by pathogenic bacteria has been referred to as one of the contributing factors for the failure of these devices, but this possibility should be further investigated 7 .
It is known that the periodontopathogenic microbiota predominantly consists of anaerobes 8 , mostly Gram-negative microorganisms 9 , which have endotoxin (also known as LPS due to its lipopolysaccharide nature) in their cell wall 10 . Endotoxin is released after the death or multiplication of these bacteria and represents a major virulence factor by acting as a potent stimulus for proinflammatory cytokine expression and amplification of the host immune response 11 , resulting in the development of inflammatory reaction and bone resorption [10] [11] [12] .
Microbial contamination and persistent peri-implant inflammation are two potential causes to be considered and thus microbiological analyses and detection of endotoxin on mini-implants with and without stability should be performed. This knowledge could lead to the development of strategies that can guarantee the long-term success of mini-implants.
Using two groups of mini-implants -stable (successful) and unstable (failed) -the objectives of this in vivo study were: 1) to evaluate the microbial contamination, using DNA probes for 40 bacterial species, by the checkerboard DNA-DNA hybridization (CDDH) biomolecular technique and 2) to quantify the bacterial endotoxin in both groups of mini-implants by the limulus amebocyte lysate assay.
Material and methods
After the research protocol was approved by the institutional Ethics Committee (Process #19866013.0.0000.5419), the patients or their legal representatives signed a written informed consent form for participation. The Declaration of Helsinki guidelines were followed in this investigation.
Initially, sample calculation was performed using SAS Power software and Sample Size 3.1 software for the Wilcoxon two-sample test and a test power between 0.6 and 0.887, respectively, with differences of medians between groups of 200,000 to 400,000 bacteria.
A total of 15 patients, aged between 11 and 49 years, of both genders, who were under corrective orthodontic treatment with fixed appliances at the Orthodontics Clinic were enrolled in the study within a period of 12 months. The participants had good general and oral health, were nonsmokers and had not used antibiotics or anti-inflammatory drugs within 3 months before the mini-implant removal. Two groups of miniimplants were obtained: 15 well-fixed mini-implants (successful), which were removed after completion of orthodontic mechanics or at the end of the treatment, and 10 unstable mini-implants, which were removed early because of excessive mobility and became loose before the desired tooth movement could be achieved
The mini-implants (1.6 mm diameter x 7.0 or 9.0 mm long; Neodent; Curitiba, Paraná, Brazil) were placed in the maxilla and/or mandible. All miniimplants were placed and removed by the same experient surgeon, using the same surgical technique, 
Results
The descriptive analysis of patient data showed no statistically significant difference between groups of successful and failed mini-implants with respect to sex and age. Only the mean time of permanence in the mouth of the mini-implants presented significant difference between groups (p<0.05).
All 40 microbial species of the Actinomyces group, purple, yellow, green, orange, red complexes and other species (100%) were observed in both groups, Table 2 ).
The quantification of endotoxin revealed median values of 65,750 EU/mL for the successful miniimplants and 43,500 EU/mL for the failed miniimplants. No significant difference was found between the groups (p=0.63613) ( Table 3) .
Bacterial endotoxin was not detected in the group of mini-implants examined immediately after removal from their packages and not used clinically (values
<0.01 EU).

Discussion
Although the chronic inflammation caused by retention of bacterial biofilm has been implicated in the excessive mobility and consequent loss of mini-implants 6 , few studies have investigated microbial contamination around mini-implants used as temporary orthodontic anchorage devices 4, 6, 7 .
Previous studies using microbial culture techniques, polymerase chain reaction (PCR) and microarray 4, 6, 7 have identified periodontopathogenic microorganisms in the peri-implant sulci or surfaces of mini-implants.
This study evaluated the contamination of miniimplant surfaces using checkerboard DNA-DNA E. nodatum (33099a) 500,000 (100,000 -500,000) 300,000 (10,000 -500,000) -0.0882 0.9298 0.9536
F. nucleatum (sp vincentii) (49256a)
100,000 (10,000 -500,000) 100,000 (100,000 -500,000) 0.4375 0.6617 0.8471
F. nucleatum (sp polymorphum) (10953a)
500,000 (100,000 -1,000,000) 100,000 (0 -500,000) -0.2265 0.8208 0.8874 
F. nucleatum (sp nucleatum) (25586a)
500
P. micra (33270a)
500,000 (500,000 -1,000,000) 100,000 (0 -100,000) -2,2159 0.0267* 0.5340
P. nigrescens (33563a)
100,000 (10,000 -500,000) 50,000 (0 -500,000) -11.087 0.2676 0.6491 C. showae (51146a) 100,000 (10,000 -500,000) 
P. intermedia (25611a)
500,000 (100,000 -1,000,000) and V. parvula (both from purple complex) and S. gordonii and S. mitis (both from the yellow complex)
were detected in 100% of the samples of both groups.
S. constellatus (orange complex), P. gingivalis (red complex) and A. actinomycetemcomitans (green complex) were not detected in either of the groups.
These findings differ from those of the present study in which all 40 microbial species were detected in both mini-implant groups. Despite the methodological differences, Apel, et al. 6 (2009) observed no differences between groups of successful and failed mini-implants regarding the total number of microorganisms or the microbial composition, and were unable to identify a specific aggressive microbiota in the failed miniimplants.
Tortamano, et al. Considering the importance of endotoxin in inflammation and bone resorption, the amount of endotoxin in well-retained and unstable mini-implants was quantified in this study to assess whether contamination by endotoxin, rather than implant stability, would be a determinant factor for clinical success. , as the mini-implants are in intimate contact with the periodontal tissues. However, no significant difference was found between successful and failed mini-implants in this study.
Regarding the additional controls, the miniimplants examined immediately after removal from their packages and not used in the patients were free of endotoxin (<0.01 EU). As the acceptable level of endotoxin medical-hospital products is <0.5 EU In conclusion, in the studied population, it is possible that bacterial contamination and endotoxin on the mini-implants were not determinant for their loss of stability, and other factors related to orthodontic mechanics, mini-implant location and surgical technique would be more directly involved in the early loss of mini-implants. Further in vivo studies should be conducted to elucidate the participation of these factors on the success or early loss of these orthodontic anchorage devices.
